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INTRODUCTION 
 
The Human trachea is an unpaired hollow tube which is located centrally 
and is made up of cartilage and fibromuscular membrane, lined internally by 
mucosa47. It is 10 to11 cm long, and extends downwards as a continuation of the 
larynx from the lower border of the cricoid cartilage opposite C6 vertebra up to 
the upper border of T5 vertebra where it splits into right and left main stem 
bronchi which enter the respective lungs. It progressively branch off throughout 
the entire organ. It lies approximately in the sagittal plane, but its point of 
bifurcation is usually a little to the right. The trachea is mobile and can rapidly 
alter in length; during deep inspiration, the bifurcation may descend to the level of 
the sixth thoracic vertebra23. Its external transverse diameter is typically 2.0 cm in 
adult males, and 1.5 cm in adult females. In children it is smaller, more deeply 
placed and more mobile. The lumen in live adults has an average transverse 
diameter of 1.2 cm, although this increases after death because the smooth muscle 
making up its posterior aspect relaxes47. At bronchoscopy the posterior wall of the 
trachea bulges into the lumen and this is exaggerated in expiration and coughing. 
The tracheobronchial tree is the essential part of respiratory tract. It serves as a 
tubular system for conducting air in and out of the alveoli of lung. It also 
participates in humidification, temperature regulation, metabolism, reservoir and 
elimination of air borne pollutants of inspired air. The knowledge of anatomy 
particularly with respect to the dimensions of the conducting tube has drawn 
attention of both, anatomists and clinicians. 
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Figure – 1 : ANTERIOR VIEW OF TRACHEA AND CROSS SECTION 
SHOWING HISTOLOGY 
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RELATIONS OF TRACHEA IN THE NECK21 
 
Figure – 2 : DIAGRAM SHOWING THE RELATIONS OF TRACHEA IN 
THE NECK – TRANSVERSE SECTION. 
 
 
 Anteriorly the cervical part of the trachea is related to skin, superficial and 
deep cervical fasciae. It is also crossed by the jugular venous arch and is 
overlapped by sternohyoid and sternothyroid muscles. The second to fourth 
tracheal cartilages are related to the isthmus of the thyroid gland, above which an 
anastomotic artery connects the bilateral superior thyroid arteries; below this and 
in front are the pretracheal fascia, inferior thyroid veins, thymic remnants and the 
thyroid ima artery (when it exists). 
 
 Posteriorly, it is related to the oesophagus separating it from the vertebral 
column and the prevertebral fascia. 
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 Laterally it is related to the paired lobes of the thyroid gland, which 
descend to the fifth or sixth tracheal cartilage, and the common carotid and 
inferior thyroid arteries are lateral relations. The recurrent laryngeal nerves ascend 
on each side, in or near the grooves between the sides of the trachea and the 
oesophagus. 
 
RELATIONS OF TRACHEA IN THE THORAX21 
Figure – 3 : DIAGRAM SHOWING THE RELATIONS OF  
TRACHEA IN THE THORAX 
 
 
 
The thoracic part of the trachea as it descends through the superior 
mediastinum, lies behind the manubrium sterni, the attachments of sternohyoid 
and sternothyroid muscles, the thymic remnants and the inferior thyroid vein.  
 
The brachiocephalic and left common carotid arteries come to lie on the 
right and left respectively of the trachea as they diverge upwards into the neck. At 
a lower level, the aortic arch, the brachiocephalic and left common carotid 
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arteries, left brachiocephalic veins, deep cardiac plexus and some lymph nodes are 
all anterior to the trachea.  
 
The oesophagus is posterior to the trachea and separates it from the 
vertebral column and laterally and on the right are the right lung and pleura, right 
brachiocephalic vein, superior vena cava, right vagus nerve and azygos vein.  
 
On the left are the arch of the aorta, and the left common carotid and left 
subclavian arteries. The left recurrent laryngeal nerve is at first situated between 
the trachea and aortic arch, and then lies in, or just in front of, the groove between 
the trachea and the oesophagus. 
 
LEFT PRINCIPAL BRONCHUS21 
 
Figure – 4 : DIAGRAM SHOWING THE RIGHT AND LEFT MAIN 
BRONCHI AND THEIR RELATIONS. 
 
 
The left principal bronchus, which is longer, narrower and more oblique 
than the right, is approximately 5.0 cm in length. Passing to the left, inferior to the 
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aortic arch, it crosses anterior to the oesophagus, thoracic duct and descending 
aorta; the left pulmonary artery is at first anterior and then superior to it. It enters 
the hilum of the left lung at the level of the sixth thoracic vertebra and divides into 
a superior and an inferior lobar bronchus25. 
 
Figure – 5 : DIAGRAM SHOWING THE DIFFERENCE  
BETWEEN RIGHT AND  LEFT MAIN BRONCHI 
 
 
The trachea is supplied with blood mainly by branches of the inferior 
thyroid arteries. The thoracic portion of the trachea is also supplied by branches of 
the bronchial arteries that ascend to anastomose with the tracheal branches of the 
inferior thyroid arteries. Veins draining the trachea end in the inferior thyroid 
venous plexus. The bronchial arteries supply oxygenated blood which are derived 
from the descending thoracic aorta either directly or indirectly The right bronchial 
artery is usually a branch of the third posterior intercostal artery. There are 
normally two left bronchial arteries (upper and lower) that branch separately from 
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the thoracic aorta. The lymph vessels pass to the pretracheal and paratracheal 
lymph nodes. 
 
Figure – 6 :  DIAGRAM SHOWING THE BLOOD SUPPLY,  
VENOUS DRAINAGE OF THE TRACHEA 
        
 
The trachea and bronchi are innervated by parasympathetic and 
sympathetic nerves. The parasympathetic nerves causes constriction while 
sympathetic nerves cause dilatation. 
 
The trachea and bronchi is lined by pseudostratified, ciliated columnar 
epithelia, and contains interspersed mucus-secreting goblet cells26.  
Tracheal cartilages vary from 16 to 20 in number48. Anteriorly, each 
cartilage takes the form of an incomplete ring which surrounds approximately 
two-thirds of the tracheal circumference. Posteriorly, where the cartilages are 
deficient, the tube is flat and is completed by fibroelastic tissue and smooth 
muscle. 
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Figure – 7 : SUBCARINAL ANGLE 
 
 The subcarinal angle is formed by the intersection of the right and left 
mainstem bronchi. A commonly quoted average for this angle is 70o. The 
subcarinal angle contributed by the right bronchus is small. It is more or less in 
the same line with the trachea,so lodgement of foreign body is more common in 
right bronchus. 
 
 The carina is a dynamic structure and respiration may affect tracheal 
carinal angle. It has been known that the carina is displaced downward during 
inspiration. Elongation of the tracheobronchial tree by inspiration and extension 
of the head will narrow the subcarinal angle. On the contrary, shortening of the 
tracheobronchial tree widens the angle30.  
 
The knowledge regarding the subcarinal angle is of clinical importance 
because, bronchoscopy is easier in adults than neonates and children as it requires 
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more skill to introduce the scope particularly on the left side which might give a 
false interpretation of bronchial obstruction on failing to introduce the 
bronchoscope on the correct side. Secondly, any growth in the mediastinal 
structures or any pathology of the lung or pleura (example: fibrosis, collapse, 
pleural effusion17) or cardiac diseases (pericardial effusion9, left atrial 
enlargement10) may alter the subcarinal angle considerably  
  
Aim of the study 
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AIM OF THE STUDY 
 Knowledge about the trachea, main bronchi, carinal angle is very essential 
as it has myriad applications both clinically and interventionaly.  
The study of the morphometric variations is helpful for the clinicians to 
understand the etiology of several airway diseases11,16 and the same is immensely 
important for the surgeons who deal with resection and reconstruction of the 
tracheobronchial tree24.  
This knowledge has potential applications to studies in pulmonary 
physiology and anesthesiology so as to perform maneuvers like endotracheal 
intubation and bronchoscopic procedures with skill and perfection. 
Inflammation in the trachea can lead to scarring and narrowing of the 
structure which leads to stenosis. In Bronchial asthma and Chronic Obstructive 
Pulmonary Disease (COPD) airway inflammation leads to alteration in normal 
Anatomy which results in bronchospasm. 
Normally, the oesophagus and the trachea are two separate tubes that are 
not connected with each other. An abnormal connection in one or more places 
between the esophagus and the trachea is called Tracheoesophageal fistula 
(TEF). Passage of swallowed food from the oesophagus enters into the trachea 
which can result in serious lung problems36. 
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Aspiration of foreign body may lodge in the trachea or one of its branches. 
It is more common on the right side because the right main bronchus is shorter, 
wider, and more in line with trachea, also because of lesser angle of divergence 
than its counterpart. If the foreign body is large enough to cause nearly complete 
obstruction of the trachea , asphyxia may rapidly cause death. 
Normally, the trachea is rigid tube and its rigidity is maintained by a series 
of cartilaginous rings arranged along its length called C-shaped cartilage rings 
which prevents collapse. When there is any damage following placement of 
tracheostomy and endotracheal tubes or defects/complete deficiency (Williams-
Campbell syndrome42) of the supporting cartilaginous structures abnormal 
collapse of the trachea occurs during respiration The diagnosis is made by 
observing marked expiratory collapse of the trachea in the anteroposterior 
dimension.  
Tracheobronchomegaly (Mounier-Kuhn's syndrome31,44,47) is defined as a 
transverse and sagittal tracheal diameter exceeding 2.5 and 2.7 cm, respectively, 
or the left and right mainstem bronchi exceeding 1.8 or 2.1 cm in diameter, 
respectively, in men. The respective figures for women are 2.1, 2.3, 1.74, and 1.98 
cm. 
Saber-sheath trachea18 refers to diffuse coronal narrowing of the 
intrathoracic portion of the trachea with the concomitant widening of its sagittal 
diameter. If the anteroposterior or sagittal diameter to transverse or coronal 
diameter of the intrathoracic trachea ratio exceeds2:1 and the extra-thoracic 
12 
 
portion of the trachea is not narrowed it is a pathognomonic finding in patients 
with chronic obstructive pulmonary disease. 
Cancer of the trachea is quite rare and is linked to smoking .A growth 
either within or from adjacent structures can occlude or compress the trachea or 
main bronchi, it can alter the normal dimensions, causing shortness of breath. A 
stent or surgery51 is needed to open the trachea and improve breathing for which 
morphometry is required. 
The trachea is a midline structure and can deviate to either side by various 
conditions, including fibrosis, collapse, mediastinal masses and vascular 
anomalies17.  
The more horizontal course, narrow lumen, limited peribronchial space of 
the left main bronchus is likely to affect the drainage of secretions which may lead 
to Left bronchus syndrome32Endotracheal Intubation43 is a procedure by which 
a tube is inserted through the nose/mouth down into the trachea before 
surgery(Anaesthesia) or during emergency situations if the person is unconscious 
or who can't breathe on their own(Ventilation). 
Tracheostomy12 is a procedure in which a small hole is cut in the front of 
the trachea, commonly performed as elective or emergency procedure for various 
indications, including for people who need a long period of mechanical ventilation  
Bronchoscopy40, rigid and flexible (FOB), is an endoscopic technique of 
visualizing the inside of the airways for diagnostic and therapeutic purposes. 
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Thorough knowledge of normal tracheobronchial Anatomy is absolutely 
necessary for performing this procedure.  
Diagnostic indications of bronchoscopy are wash, biopsy, EBUS40 
Endobronchial Ultrasound). Therapeutic indications of bronchoscopy are foreign 
body removal, tracheal dilation, laser therapy, stenting, cryotherapy, 
brachytherapy etc. 
Cardiovascular problems such as left atrial enlargement, aortic aneurysm, 
pulmonary hypertension can alter the subcarinal angle and causes extrinsic 
compression of left main bronchus. 
Knowledge regarding the Anatomy of tracheobronchial tree is necessary 
for various surgical procedures including removal of  certain tumors obstructing 
the trachea and also to correct a tracheoesophageal fistula24. 
Congenital anomalies of the tracheobronchial tree can result in difficult 
situations during emergency procedures. 
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PARAMETERS: 
1. Length of trachea  
2. Length of left main bronchus 
3. Transverse diameter of trachea 
4. Transverse diameter Left main bronchus (Width) 
5. Antero-Postero diameter of trachea  
6. Antero-Postero diameter of Left main bronchus (Depth) 
7. Width-Depth ratio of Trachea 
8. Width-Depth ratio of Left main bronchus 
9. Subcarinal angle  
10. Left main bronchus Angle 
11. No of tracheal cartilage rings 
  
Review of Literature 
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REVIEW OF LITREATURE 
LENGTH OF TRACHEA 
 Engel14 (1962) in his textbook observed the length of the trachea ranged 
between 9.15 to 16.5 cm. 
 
 Strenberg S56 (1999) in his textbook of diagnostic surgical pathology 3rd 
edition, described the tracheal length to be 11 cm long. 
 
 Rosen FS51 (2003) studied 50 specimens and found that the length varied 
between 4.2 to 9.9 cm and on average is 6.68 cm.  
 
 Leader JK38 (2004) in his study observed the mean intrathoracic tracheal 
length7.86 +/- 1.86 cm in 24 male and 19 female patients  
 
 R Chunder et al49 (2010) in his morphometric study of human trachea on 87 
cadavers recorded the tracheal length ranges from 10.69 to 10.98, 9.53 to 
9.86cm in male and female respectively 
 
 Mrudula C45 (2011) observed the length of the trachea on 50 lung specimens, 
is on average 7.87 cm and the range is between 6.1 and 9.6 cm. 
 
 Mani S.Kavuru40 (2012) in the textbook of Flexible Bronchoscopy, Chapter 
4, Applied Anatomy of airways, 3rd edition, described the tracheal length to be 
10 to 14cm  
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EXTERNAL TRANSVERSE DIAMETER OF TRACHEA 
 Katz I, et al 31 (1962) observed the mean transverse diameter of the trachea 
ranges from 1.3 to 2.5 cm in his study on 50 subjects 
 Jesseph JE, et al27 (1957) in his study on 47(21 male/26 female) specimens, in 
the age group of 13 to 86 yrs, observed the mean transverse diameter of the 
trachea ranges from 1.5 to 2.7 cm (Male),1.3 to 2.5 cm (Female) respectively 
 Fraser RG, Pare17 (1977) observed in his study on 350(175male/175female) 
subjects, in the age group of 30 to 80 yrs, the mean transverse diameter of the 
trachea ranges from 1.1 to 2.6 cm (Male),0.9 to 2.4 cm (Female)  
 Greene A18 (1978) in his study on 60 subjects observed the mean transverse 
diameter of the trachea ranges from 1.5 to 2.6 cm  
 Eamann Breatnach et al13 (1983) observed in his study the transverse 
diameter of the trachea ranged from 1.3 to 2.5 ,1.0 to 2.1 cm in male and 
female respectively 
 R Chunder et al49 (2010) in his morphometric study of human trachea on 87 
cadavers recorded the transverse diameter of the trachea ranged from 2.0 to 
2.1, 1.5 to 1.8 cm respectively in male and female 
 Mrudula C45 (2011) observed the transverse diameter of the trachea on 50 
lung specimens, is on an average of 1.99 cm and the range is between 1.2 to 
2.5 cm 
 Mani S.Kavuru40(2012) in the textbook of Flexible Bronchoscopy, Chapter 4, 
Applied Anatomy of airways, 3rd edition, described the mean transverse 
diameter of the trachea is 2.5 cm 
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ANTEROPOSTERIOR DIAMETER OF TRACHEA 
 Katz I. et al31 (1957) observed the mean A-P diameter of the trachea ranges 
from 0.7 to 2.6 cm in his study on 50 subjects  
 Jesseph JE.et al27 (1962) in his study on 47(21 male/26 female) specimens, in 
the age group of 13 to 86 yrs, observed the A-P diameter of the trachea ranges 
from 1.8 to 3.2 cm (Male),1.1 to 3.0 cm (Female) respectively 
 Fraser RG, Pare17 (1977) observed in his study on 350(175male/175female) 
persons, in the age group of 30 to 80 yrs, the mean Antero posterior diameter 
of the trachea ranges from 1.1to 3.0 cm, 07to 2.6 cm respectively in male and 
female 
 Eamann Breatnach et al13 (1983) observed in his study the A-P diameter of 
the trachea ranged from 1.3 to 2.7 cm (Male),1.0 to 2.3 cm (Female) 
respectively 
 R Chunder et al49 (2010) in his morphometric study of human trachea on 87 
cadavers recorded the transverse diameter of the trachea ranged from 1.6 to 1.9 
cm,1.2 to 1.6 cm respectively in male and female 
 
WIDTH/DEPTH RATIO OF TRACHEA 
 R Chunder et al49 (2010) in his morphometric study of human trachea on 87 
cadavers recorded the W/D ratio of trachea of the trachea ranged from 1.10 to 
1.25(Male), 1.22 to 1.82(Female)  
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LEFT MAIN BRONCHUS - LENGTH(Cm)  
 Richard S Snell50 (2003) Text book of Clinical Anatomy.7th ed described the 
length of the left main bronchus is 4.5 cm 
 Standring et al57 (2008) in his textbook Gray's Anatomy. 40th ed described 
the length of the left main bronchus is 5.5 cm 
 R Chunder et al49 (2010) ) in his morphometric study  on 87 cadavers 
observed the length of the left main bronchus ranges from 5.11 to 5.38 cm in 
male and 3.98 to 4.38 cm in female  
 Mrudula C45 (2011) observed the length of the left main bronchus on 50 lung 
specimens and the range is between 2.9 to 4.2 cm  
 Mani S.Kavuru40 (2012) in the textbook of Flexible Bronchoscopy, Chapter 
4, Applied Anatomy of airways, 3rd edition, described the length to be 5.0cm 
LEFT MAIN BRONCHUS – WIDTH(Cm) 
 Standring. et al57 (2008) Gray's Anatomy textbook. 40th ed. mentions the 
width of the left main bronchus ranges from 1.1 to 1.9 cm in male and 9 to 
15cm in female respectively 
 R Chunder et al49 (2010) in his morphometric study on 87 cadavers observed 
the mean transverse diameter of the left main bronchus as  1.5 cm each in male 
and female 
 Mrudula C45 (2011) observed the transverse diameter of the left main 
bronchus on 50 lung specimens, is on an average of 0.59,1.5 cm respectively 
in male and female 
19 
 
ANTEROPOSTERIOR DIAMETER OF LEFT MAIN BRONCHUS 
 R Chunder et al49 (2010) in his morphometric study on 87 cadavers observed 
the anteroposterior diameter of the left main bronchus which ranges from 1.5-
1.7cm in male, and 1.0-1.4cm in female respectively. 
WIDTH/DEPTH RATIO OF LEFT MAIN BRONCHUS  
 R Chunder et al49 (2010) in his morphometric study on 87 cadavers recorded 
the W/D ratio of the left main bronchus ranged from 1.15 to 1.36 cm in male 
and 1.18 to 1.47 cm in female respectively. 
 
SUBCARINAL ANGLE  
 Latarjet M37 (1956) studied 129 cases and found the mean angle 71 and the 
range between 40 to 108 degrees 
 Boyd E6 (1958) in his study observed the subcarinal angle ranges from 43.5 to 
46 degrees  
 CoppoleV10 ( 1998) examined X-Rays 500 patients and found the mean angle 
as 79.7 and varied between 37 to 105 degrees 
 R Chunder et al49 (2010) The mean subcarinal angle in male is 56.4 to 59.5 
and in female is 48.2 to 54.0 degrees 
 Mrudula C45 (2011) The angle between the two principal bronchus varied 
between 50 to 130 and the mean is 77.58 degrees 
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 Mani S.Kavuru40 (2012) describes the subcarinal angle ranges from 70 to 75 
degrees in the textbook of Flexible Bronchoscopy, Chapter 4, Applied 
Anatomy of airways 
LEFT MAIN BRONCHUS - ANGLE  
 Miller43 (1997) Textbook of Anaesthesia mentions an angle of 40 degrees 
 Mrudula C45 (2011) observed the left main bronchus angle to the trachea on 
fifty lung specimens ranged from 30 to 60 degrees  
 Richard S Snell50 (2003) Text book of Clinical Anatomy.7th ed described the 
angle made by the left main bronchus to the trachea is 50 degrees 
TRACHEAL RINGS  
 Rosen FS51 (2003) studied 10 specimens and observed that trachea on average 
contains 13 rings. 
 Mrudula C45 (2011) observed the number of tracheal rings ranged from 14 to 
24, and on average there are 17 rings in her study. 
 Mani S Kavuru40 (2012) described the number of tracheal rings ranged from 
18 to 24 in the textbook of Flexible Bronchoscopy, Chapter 4, Applied 
Anatomy of airways, 3rd edition. 
 Kamel K S et al29 (2010) in his study on 10 human cadavers observed 14-19 
tracheal rings  
 Kim D et al34 (2014) observed that there is no direct relationship between the 
length and diameter of main bronchi and the height of patients 
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 Kamel K S et al29 (2010) in his study observed the variation in adult tracheal 
dimensions in vivo is greater than in standard descriptions and these data may 
be valuable when interpreting chest CT scans and when calculating respiratory 
dead space. 
 Dennie C J11 (1993) describes the trachea is generally a midline structure 
which may be displaced by various conditions, including fibrosis, collapse, 
mediastinal masses and vascular anomalies 
 King JW35 (1938) first observed the flattening and compression of the left 
bronchus by a dilatation of the left auricle on studies carried out on autopsy 
material 
 Harris RS23 (1959) in his study has noted that the carina is displaced 
downward during inspiration, also there is a marked decrease in extensibility 
with age. Tracheal extension also causes deformation of the cartilages and 
their perichondria and the latter may give rise to nerve reflexes arising from 
respiratory extension of the trachea 
 Murray JG et al46 (1995) in his study observed widening of the tracheal 
bifurcation angle on chest radiographs as a sign of left atrial enlargement 
 Karabulut N30 (2005) investigated the effect of body habitus, dimensions of 
the thoracic cavity, location of the carina within the mediastinum, and left 
atrial size on tracheal carinal angle using CT scan in 120 patients observed that 
in addition to left atrial enlargement, female gender, obesity and close situs of 
carina relative to vertebral column are associated with greater tracheal 
bifurcation angle 
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 Barker AF4 (2002) defines bronchiectasis is a morphological term used to 
describe the abnormal, irreversible dilatation of the cartilage-containing 
conducting airways in the context of repeated cycles of inflammation and 
infection 
 M Ashour et al39 (1990) The left main bronchus is considerably longer and 
about 15% narrower than the right, and the peribronchial space is limited by its 
proximity to the aorta, so that it is more prone to obstruction by enlargement 
of adjacent lymph nodes. 
 S.Rajasekaran et al52 (1999) The more horizontal course of the left main 
bronchus is likely to affect the drainage of secretions as established by 
broncho scintigraphy 
 Ufuk Cobanoglu et al60 (2011) The left lung is most commonly involved in 
bronchiectasis. The possible causes are the left main bronchi is narrower and 
longer than the right; peribronchial area in the left lung is under pressure by 
the aortic arch and the lymph nodes; there is a higher possibility for the left 
main bronchi to be under pressure compared to right  
 Mounier-Kuhn P44 (1932) was the first to describe this syndrome, 
characterized by marked dilatation of the tracheobronchial tree involving the 
trachea and main bronchi 
 Padley S et al48 (1991) In his study described the secondary tracheobroncho-
megaly association with ankylosing spondylitis 
 Sane AC et al53 (1992) described the secondary tracheobronchomegaly in a 
patient with the Kenny-Caffey syndrome 
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 Celenk C et al8 (2000)  described the secondary tracheobronchomegaly 
association with rheumatoid arthritis 
 Williams and Campbell16 (1960) were the first to describe generalized 
bronchiectasis associated with deficiency of cartilage in the bronchial tree 
 McAdams HP42 (1990) Observed the airway diameter fluctuating with 
respiration, and main histological findings of extensive cartilage deficiency 
 Fraser RG et al17 (1999) Mounier-Kuhn's syndrome is thought to result from 
a congenital deficiency in the internal elastic membrane of the trachea and 
central bronchi. patients with Williams-Campbell syndrome have normal-
caliber trachea and main bronchi. An important mimic of diffuse tracheal 
narrowing is the saber-sheath trachea deformity. This entity is a 
pathognomonic finding in patients with chronic obstructive pulmonary 
disease. The saber-sheath appearance is found when mechanical forces of 
hyperinflated lungs cause the coronal diameter of the intrathoracic trachea to 
narrow and the sagittal diameter to elongate so that the sagittal-to-coronal 
diameter ratio exceeds2:1  
 Benjamin B5 (1989) Observed the absence of the posterior wall of the trachea 
will result in a tracheal cleft. This occurs because of incomplete development 
of the tracheoesophageal septum. Clefts are commonly described according to 
the Benjamin Inglis classification of tracheal cleft 
o Type I: Involves the interarytenoid region down to and including the 
vocal cords 
o Type II: Extension into the cricoid cartilage 
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o Type III: Extension through the cricoid into the cervical trachea 
o Type IV: Extension into the intrathoracic trachea 
 
 C.M. Harmon7 (2012) Pediatric Surgery, 7th.ed. 893–918, Elsevier Saunders, 
classifies the congenital anomalies of oesophagus into 
o Type- A Oesophageal atresia (EA) without fistula (6%) 
o Type- B EA with proximal fistula (5%) 
o Type- C EA with distal fistula (84%) 
o Type- D EA with double fistula (1%) 
o Type- E or H type tracheoesophageal fistula without atresia (4%) 
Figure – 8 : TYPES OF TRACHEOESOPHAGEAL FISTULAE 
 
  
25 
 
The most common presentation is proximal esophageal atresia with a distal 
tracheoesophageal fistula (Type C, 84%) 
 Floyd J et al15 (1962) reported agenesis of the trachea, a rare, uncommon 
anomaly in a male infant which was promptly diagnosed and surgically treated 
 Hampton T et al21 (2000) In his study stated that the direct measurement of 
the left main bronchus diameters has sufficient precision to define the 
appropriate size of left double-lumen tube for patients  
 Seymour A H54 (2003) Performed a cadaver study to investigate the basis for 
double-lumen tube selection and observed the dimensions of the cricoid ring 
best define those of the main bronchi. Knowing its diameter should assist 
anesthesiologists with double-lumen tube selection. 
 Hannallah M S, et al22 (1995) investigated the possibility that left bronchial 
diameter could be predictably estimated from a patient's size and sex in 100 
(adult male and female) patients of known age, height, and weight In female 
patients, none of the variables was significantly correlated with bronchial 
diameter In male patients, age (p = 0.013) and height (p = 0.008) individually 
produced a statistically significant prediction of endobronchial diameter The 
following formula was best predictive of left bronchial diameter in men: 
diameter (mm) = 0.032 x age (year) + 0.072 x height (cm) -2.043 
 Kher GA et al33 (1960) A preliminary study of the lengths of the two main 
bronchi and angles at the carina  
 Chen JTT et al9 (1982) In his study on 54 patients with pericardial effusion 
observed that widening of the subcarinal angle without evidence of an 
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enlarged left atrium. Widening of the subcarinal angle is a late and insensitive 
sign of left atrial enlargement and is always accompanied by other conditions 
such as sub carinal lymphadenopathy, bronchogenic cysts. 
 Coppole V10 (1998) evaluated the correlation between tracheal bifurcation 
angle with left atrial volume in 100 patients with echocardiographically 
enlarged atrium. The tracheal bifurcation angle measured correlated with left 
atrial volume, but the value is not statistically significant. 
 Sir-Chen Lin55 (2012) in his study observed the correlation between 
Subcarinal Angle measured by chest radiograph significantly correlated with 
echo-measured LA volume in 376 subjects. 
 Marom EM et al41 (2001) Diffuse abnormalities of the trachea and main 
bronchi may produce symptoms such as cough, dyspnea, wheezing, or stridor, 
but there is frequently a delay in diagnosis Diffuse narrowing of the trachea or 
main bronchi may result from relapsing polychondritis, ulcerative colitis, 
amyloidosis, sarcoidosis, Wegener's granulomatosis, tracheopathia 
osteochondroplastica, and various infections including papillomatosis. 
Occasionally, malignancies manifest  with diffuse rather than focal airway 
narrowing. Familiarity with the appearances of more typical airway 
abnormalities should improve diagnosis and patient care. 
 DJ Pierson12 (2005) in his textbook Tracheostomy A to Z ,details about this 
commonly performed procedure (elective or emergency) for various 
indications, including for people who need a long period of mechanical 
ventilation.  
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 Thilagavathy G. et al58 (2012) A Rare Case of Tracheal Bronchus A tracheal 
bronchus may occasionally arise from the lateral wall of the trachea, more 
frequently from the right side: it may be supernumerary or it may represent a 
displaced upper lobe airway. 
 
  
Embryology 
  
28 
 
EMBRYOLOGY 
Figure – 9 : DIAGRAM SHOWING THE RESPIRATORY 
DIVERTICULUM.  
 
 
a) 25 Day Old Embryo b) Sagital Section of 5 week Old 
Embryo 
 
The development of the respiratory diverticulum can first be seen at 
approximately 26 days, as a median outgrowth - the laryngotracheal groove32 .The 
laryngotracheal groove deepens to form a longitudinal diverticulum called 
laryngotracheal diverticulum. The distal part of this diverticulum is separated 
from the oesophagus by development of tracheoesophageal septum, where its 
cranial part communicates with the pharynx (laryngeal inlet). The 
tracheoesophageal septum62 develops from two lateral folds – the 
tracheoesophageal folds that grow medially and fuse with each other in the 
midline to form this septum. 
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Figure – 10 : SUCCESSIVE STAGES IN THE DEVELOPMENT OF 
RESPIRATORY DIVERTICULUM. 
 
 
The laryngotracheal diverticulum grows downward to enter thorax, where 
it becomes bifid to form two (right and left) bronchial/lung buds. The trachea 
develops from part of laryngotracheal diverticulum, which lies between the larynx 
and point of division of the diverticulum into lung buds. The endoderm of 
laryngotracheal diverticulum forms the lining epithelium of glands of the trachea. 
The cartilage, muscle, and connective tissue of trachea develop from surrounding 
splanchnopleuric mesoderm surrounding laryngotracheal groove.  
The trachea is separated from the oesophagus by the tracheoesophageal 
septum. Each bronchial bud develops into a principal bronchus. The two primary 
divisions of the caudal part of laryngotracheal diverticulum form right and left 
principal bronchi. The right principal bronchus is slightly larger than the left and 
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oriented more in line with the trachea. The left principal bronchus comes to lie 
more transversely than right. The embryonic relationship persists in the adult, 
therefore foreign body is more likely to enter into the right principal bronchus. 
The principal bronchi further subdivide into secondary, which further divide and 
subdivide to form lobar, segmental, and intersegmental bronchi respectively2.  
Any abnormality in the development results in anomaly such as 
tracheoesophageal fistula7 (most common), tracheal stenosis, tracheal atresia, 
tracheal bronchus, and laryngotracheoesophageal cleft. 
  
Materials & Methods 
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MATERIALS AND METHOD 
 
STUDY MATERIALS   
40 adult human cadavers(21 Male and 19 Female) 
Scalpel 
Artery forceps 
Bone cutter 
Vernier calipers 
Goniometer 
 
METHOD OF STUDY   
Conventional dissection method 
 
SPECIMEN COLLECTION 
Twenty one male and nineteen female adult human embalmed cadavers 
alloted for routine dissection to the first year students at the Institute of Anatomy, 
Madras Medical College, Chennai-3. 
 
CONVENTIONAL DISSECTION METHOD19,20 
The embalmed cadavers are placed supine on the dissection table and the 
sex of each cadaver is identified and noted. The skin is incised from chin to 
sternum in the midline, and the flap of skin is reflected inferolaterally which 
exposes the fibers of platysma. The platysma is reflected upwards to expose the 
deep cervical fascia. A transverse incision through the deep fascia immediately 
???????????? ???????????????
???????????? ?????????
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above the sternum is done and the incision is extended upwards to expose the 
infrahyoid muscle. These muscles are separated in the midline to expose the 
pretracheal fascia. Below the isthmus of the thyroid gland, this fascia is removed 
to expose the trachea and inferior thyroid veins descending on it. The cricoid 
cartilage is identified and exposed. Then the thoracic cage is cut opened to expose 
the thoracic part of the trachea and its bifurcation into main bronchi. 
 
The length of the trachea is measured from the lower border of the cricoid 
cartilage to the point of the tracheal bifurcation and the length of the left principal 
bronchus is measured from the angle of tracheal bifurcation to the point of its 
division into the secondary bronchi with Vernier calipers (Figure 11).  
 
The external transverse diameter (Width) and Anteroposterior diameter 
(Depth) of trachea and left main bronchus is measured using Vernier calipers.  
 
The width/depth ratio of the trachea and the left main bronchi is calculated. 
 
The angle between the two main bronchi (subcarinal angle) is measured 
with goniometer along their inferior borders in each specimen.  
 
The angles formed by main bronchi are measured from central axis passing 
through the trachea to the axis of main bronchi is measured with goniometer 
(Figure 12). 
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The Tracheal rings are serially counted and variations, if any, of the trachea 
and main stem bronchus were looked for.  
 
All the measurements were recorded and tabulated separately for both 
sexes and were analyzed with statistical package for social sciences (SPSS) 
software subsequently. 
 
  
Observation 
  
???????????????????????????????????????????????????????? ?????????????
?????????????????????????????????????????????????????????
?? ??
?
??
?
???
????????
?????????
???????
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OBSERVATION 
 
The dissection was carried out in 40 cadavers (21 male and 19 female) and 
the specimens were retrieved and studied for the various morphometric 
parameters. 
 
Chart 1 : Pie chart showing gender distribution pattern. 
 
 
 
MORPHOMETRIC PARAMETERS 
LENGTH OF THE TRACHEA (Figure 13) 
 The total length of the tracheas is measured from the lower border of the 
cricoid cartilage to the point of the tracheal bifurcation. The mean values, standard 
deviation and the range of the length of 40 tracheas are tabulated below. 
  
21
19
GENDER
MALE
FEMALE
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TABLE – 1 
STATISTICAL DATA LENGTH (Cm) 
 MALE FEMALE AVERAGE 
Minimum 9.8 9.2 9.3 
Maximum 11.2 10.4 10.8 
Average 10.4 9.7 10.1 
S.D ±0.4 ±0.3 ±0.5 
 
 The overall range of values is shown in the histogram with a bell curve 
below 
 
 
???????????????????????????????????????????????????????????????????
??
????????
?????????
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TABLE – 1a 
Length of the 
tracheas(cm) 
Gender 
Male Female Average P-value* 
10.4 ± 0.4 9.7 ± 0.3 10.1 ± 0.5 <0.001* 
 
*-Highly significant 
 
Table – 1a. The mean of male specimens is found to be 10.4 cm with a standard 
deviation (SD) of 0.4 and the mean of the female specimen is 9.7 cm with a 
standard deviation (SD) of 0.3 and the P value derived using t-test is highly 
significant. 
 
EXTERNAL TRANSVERSE DIAMETER (WIDTH) OF THE TRACHEA 
(Figure 14 ) 
 The external transverse diameter (Width) of the tracheas is measured 
midway between the lower border of the cricoid cartilage to the point of the 
tracheal bifurcation using Vernier calipers. The mean values, standard deviation 
and the range of the Width of 40 tracheas are tabulated below. 
 
TABLE – 2 
STATISTICAL 
DATA 
EXTERNAL TRANSVERSE DIAMETER [WIDTH] 
(Cm) 
 MALE FEMALE AVERAGE 
Minimum 1.5 1.4 1.5 
Maximum 2.4 2.0 2.2 
Average 1.9 1.6 1.8 
S.D ±0.2 ±0.2 ±0.3 
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The overall range of values is shown in the histogram with a bell curve below 
 
 
Table – 2a  
Width of the 
tracheas(cm) 
Gender 
Male Female Average P-value* 
1.9 ± 0.2 1.6 ± 0.2 1.8 ± 0.3 <0.001* 
 
*-Highly significant 
 
Table – 2a. The mean of male specimens is found to be 1.9 cm with a standard 
deviation (SD) of 0.2 and the mean of the female specimen is 1.6 cm with a 
standard deviation (SD) of 0.2 and the P value derived using t-test is highly 
significant. 
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ANTEROPOSTERIOR DIAMETER (DEPTH) OF THE TRACHEA 
(Figure 15) 
 
 The Anteroposterior diameter (Depth) of the tracheas is measured midway 
between the lower border of the cricoid cartilage to the point of the tracheal 
bifurcation using Vernier calipers. The mean values, standard deviation and the 
range of the Width of 40 tracheas are tabulated below. 
 
TABLE – 3 
STATISTICAL 
DATA 
ANTEROPOSTERIOR DIAMETER  
[DEPTH] (Cm) 
MALE FEMALE AVERAGE 
Minimum 1.2 1.3 1.3 
Maximum 2.0 1.6 1.8 
Average 1.6 1.4 1.5 
S.D ±0.2 ±0.1 ±0.2 
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The whole range of values is shown in the histogram with a bell curve below 
 
 
 
TABLE – 3a  
Depth of the 
tracheas(cm) 
Gender 
Male Female Average P-value* 
1.6 ± 0.2 1.4 ± 0.1 1.5 ± 0.2 <0.05* 
 
*-significant 
 
Table – 3a. The mean of male specimens is found to be 1.6 cm with a standard 
deviation (SD) of 0.2 and the mean of the female specimen is 1.4 cm with a 
standard deviation (SD) of 0.1 and the P value derived using t-test shows 
significance 
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WIDTH/DEPTH RATIO OF THE TRACHEA 
 
 The width/depth ratio of the tracheas is calculated The mean values, 
standard deviation and the range of the Width of 40 tracheas are tabulated below. 
 
TABLE – 4 
STATISTICAL 
DATA 
WIDTH/DEPTH RATIO 
MALE FEMALE AVRERAGE 
Minimum 1.0 0.9 1.0 
Maximum 1.6 1.4 1.5 
Average 1.2 1.1 1.2 
S.D ±0.13 ±0.1 ±0.1 
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The whole range of values is shown in the histogram with a bell curve below 
 
 
TABLE – 4a  
Width/Depth 
ratio of the 
tracheas 
Gender 
Male Female Average P-value* 
1.2 ± 0.1 1.1 ± 0.1 1.2 ± 0.1 <0.05* 
 
*-significant 
 
Table – 4a. The mean of male specimens is found to be 1.2 cm with a standard 
deviation (SD) of 0.1 and the mean of the female specimen is 1.1 cm with a 
standard deviation (SD) of 0.1 and the P value derived using t-test shows 
significance  
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LENGTH OF THE LEFT MAIN/PRINCIPAL BRONCHUS  (Figure 16) 
 
 The total length of the left main bronchi is measured from the angle of 
tracheal bifurcation to the point of its division into the secondary bronchi with 
Vernier calipers. The mean values, standard deviation and the range of the length 
of 40 left principal bronchi are tabulated below. 
 
TABLE – 5 
 
STATISTICAL 
DATA 
LENGTH (Cm) 
MALE FEMALE AVERAGE 
Minimum 3.6 3.5 3.6 
Maximum 5.5 4.4 5.0 
Average 5.0 4.0 4.5 
S.D ±0.5 ±0.2 ±0.6 
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The whole range of values is shown in the histogram with a bell curve below 
 
 
TABLE – 5a  
Length of the 
left main 
bronchi(cm) 
Gender 
Male Female Average P-value* 
5 ± 0.5 4 ± 0.2 4.5 ± 0.6 <0.001* 
 
*-Highly significant 
 
Table – 5a. The mean of male specimens is found to be 5.0 cm with a standard 
deviation (SD) of 0.5 and the mean of the female specimen is 4.0 cm with a 
standard deviation (SD) of 0.2 and the P value derived using t-test is highly 
significant  
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EXTERNAL TRANSVERSE DIAMETER (WIDTH) OF THE LEFT 
MAIN/PRINCIPAL BRONCHUS  (Figure 17) 
 
 The external transverse diameter (Width) of the left principal bronchi is 
measured midway between the angle of tracheal bifurcation to its division into the 
secondary bronchi with Vernier calipers. The mean values, standard deviation and 
the range of the external transverse diameter (Width) of 40 left principal bronchi 
are tabulated below. 
 
TABLE – 6  
STATISTICAL 
DATA 
EXTERNAL TRANSVERSE DIAMETER [WIDTH] 
(Cm) 
MALE FEMALE AVERAGE 
Minimum 1.2 1.0 1.1 
Maximum 2.1 1.6 1.8 
Average 1.6 1.3 1.5 
S.D ±0.3 ±0.2 ±0.3 
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The whole range of values is shown in the histogram with a bell curve below 
 
TABLE – 6a  
Width of the 
left main 
bronchi(cm) 
Gender 
Male Female Average  P-value* 
1.6 ± 0.3 1.3 ± 0.2 1.5 ± 0.3 <0.05* 
 
*-significant 
 
Table – 6a. The mean of male specimens is found to be 1.6 cm with a standard 
deviation (SD) of 0.3 and the mean of the female specimen is 1.3 cm with a 
standard deviation (SD) of 0.2 and the P value derived using t-test shows 
significance  
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ANTEROPOSTERIOR DIAMETER (DEPTH) OF THE LEFT 
MAIN/PRINCIPAL BRONCHUS  (Figure 18) 
 
 The Anteroposterior diameter (Depth) of the left principal bronchi is 
measured midway between the angle of tracheal bifurcation to its division into the 
secondary bronchi with Vernier calipers The mean values, standard deviation and 
the range of the Anteroposterior diameter (Depth) of 40 left principal bronchi are 
tabulated below. 
 
TABLE – 7  
 
STATISTICAL 
DATA 
ANTEROPOSTERIOR DIAMETER [DEPTH] (Cm) 
MALE FEMALE AVERAGE 
Minimum 1.1 1.0 1.1 
Maximum 1.8 1.5 1.7 
Average 1.4 1.2 1.3 
S.D ±0.2 ±0.2 ±0.2 
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The whole range of values is shown in the histogram with a bell curve below 
 
TABLE – 7a  
Depth of the 
left main 
bronchi(cm) 
Gender 
Male Female Overall P-value* 
1.4 ± 0.2 1.2 ± 0.2 1.3 ± 0.2 <0.05* 
 
*-significant 
 
Table – 7a. The mean of male specimens is found to be 1.4 cm with a standard 
deviation (SD) of 0.2 and the mean of the female specimen is 1.2 cm with a 
standard deviation (SD) of 0.2 and the P value derived using t-test shows 
significance. 
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WIDTH/DEPTH RATIO OF THE LEFT MAIN/PRINCIPAL BRONCHUS 
 
 The width/depth ratio of the left principal bronchi is calculated The mean 
values, standard deviation and the range of the Width/Depth of 40 left principal 
bronchi are tabulated below. 
 
TABLE – 8 
STATISTICAL 
DATA 
WIDTH/DEPTH RATIO 
MALE FEMALE AVERAGE 
Minimum 1.0 1.0 1.0 
Maximum 1.3 1.2 1.3 
Average 1.1 1.1 1.11 
S.D ±0.1 ±0.1 ±0.1 
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The whole range of values is shown in the histogram with a bell curve below 
 
TABLE – 8a  
Width/Depth ration 
of the left main 
bronchi 
Gender 
Male Female Average P-value* 
1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 0.431* 
 
*-not significant 
 
Table – 8a. The mean of male specimens is found to be 1.1 cm with a standard 
deviation(SD)  of 0.1 and the mean of the female specimen is 1.1 cm with a 
standard deviation(SD)  of 0.1 and the P value derived using t-test does not show 
any significance. 
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SUBCARINAL ANGLE (Figure 19) 
 
 The subcarinal angle between the two main bronchi is measured with 
goniometer along their inferior borders in each specimen. The mean values, 
standard deviation and the range of the 40 specimen subcarinal angle are tabulated 
below. 
 
TABLE – 9  
STATISTICAL DATA 
SUBCARINAL ANGLE(DEGREES) 
MALE FEMALE AVERAGE 
Minimum 49 47 48 
Maximum 63 63 63 
Average 56.1 52.1 54.2 
S.D ±3.8 ±4.6 ±4.6 
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The whole range of values is shown in the histogram with a bell curve below 
 
TABLE – 9a  
Subcarinal 
angle(degree) 
Gender 
Male Female Average P-value* 
56.1 ± 3.8 52.1 ± 4.6 54.2 ± 4.6 <0.05* 
 
*-significant 
 
Table – 9a. The mean of male specimens is found to be 56.1 degrees with a 
standard deviation of 3.8 and the mean of the female specimen is 52.1 degrees 
with a standard deviation (SD)  of 4.6 and the P value derived using t-test shows 
significance . 
 
  
SCA
60.055.050.0
F
re
q
u
en
cy
6
4
2
0
Histogram
 Mean =54.2
 Std. Dev. =4.62
N =40
Normal
52 
 
 
LEFT MAIN BRONCHUS ANGLE 
 
 The angles formed by main bronchi are measured from central axis passing 
through the trachea to the axis of main bronchi is measured with goniometer. The 
mean values, standard deviation and the range of the 40 specimen subcarinal 
angle are tabulated below. 
 
TABLE – 10  
 
STATISTICAL 
DATA 
LMB ANGLE(DEGREES) 
MALE FEMALE AVERAGE 
Minimum 32 33 32.5 
Maximum 48 49 48.5 
Average 40 41 40.5 
S.D ±4.9 ±5.0 ±0.5 
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The whole range of values is shown in the histogram with a bell curve below 
 
TABLE – 10a  
Left main bronchus 
angle with trachea 
(degree) 
Gender 
Male Female Average P-value* 
40.0 ± 4.9 41.0 ± 5.0 40.5 ± 5.0 0.249* 
 
*-not significant 
 
Table – 10a. The mean of male specimens is found to be 44.4 degrees with a 
standard deviation (SD) of 7.8 and the mean of the female specimen is 46.7 
degrees with a standard deviation of 8.2 and the P value derived using t-test does 
not any significance. 
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TRACHEAL RINGS 
 
 The Tracheal rings are serially counted from the lower border of the cricoid 
cartilage to the subcarinal angle. The mean values, standard deviation and the 
range of the 40 specimen subcarinal angle are tabulated below. 
 
 
TABLE – 11 
STATISTICAL 
DATA 
TRACHEAL RINGS 
MALE FEMALE AVERAGE 
Minimum 15 13 14 
Maximum 20 18 19 
Average 16.6 15.0 15.8 
S.D ±1.6 ±1.2 ±1.6 
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The whole range of values is shown in the histogram with a bell curve below 
 
 
TABLE – 11a 
Tracheal rings 
Gender 
Male Female Average P-value* 
16.6 ± 1.6 15 ± 1.2 15.8 ± 1.6 <0.05* 
 
*- significant 
 
Table – 11a. The mean value of male specimens is found to be 16.6 degrees with 
a standard deviation (SD) of 1.6 and the mean of the female specimen is 15 
degrees with a standard deviation of 1.2 and the P value derived using t-test shows 
significance. 
Discussion 
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DISCUSSION 
 
 The observations of the present study are compared with the findings of 
other similar studies conducted in various countries and other regions of India. A 
general observation of the comparison with other studies confirms the fact that 
there are differences between the races and also between the people from different 
geographical areas. 
 
MORPHOLOGICAL PARAMETERS: 
1.Length of Trachea 
 The comparison table between various studies of length of the trachea is 
tabulated below(Table - 12). 
TABLE – 12 
S.No NAME OF AUTHOR (YEAR) 
LENGTH OF THE TRACHEA (CM) 
 
1 Engel (1962) 9.15  
2 Strenberg S (1999) 11 
3 Rosen FS (2003) 4.2-9.9 
4 Leader JK (2004) 6.18-9.54 
5 R Chunder et al (2010) 10.69 to 10.98(Male) 9.53 to 9.86(Female) 
6 Mrudula C (2011) 6.1-9.6 
7 Mani S.Kavuru (2012) 10-14 
8 Present Study(2016) 9.8-11.2 & Mean/SD=10.4±0.4(Male) 9.2-10.4 & Mean/SD=9.7±0.3(Female) 
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CHART 2 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF LENGTH OF THE TRACHEA. 
 
  
 It has been observed from the table above, the length of the trachea of 
various studies ranges from 4 to 16 cm and the present study observed an average 
length of trachea is about 10.4 and 9.7 cm in male and female respectively which 
was highly significant statistically (p value <0.001) and correlates with studies of 
Engel12 (1962), R Chunder et al49 (2010) and Mani S.Kavuru40 (2012). However, 
Rosen FS51, Mrudula C45 and Leader JK38 gave the values in the lower range of 
4.2 and 6.18 cm respectively. This should be borne in mind during the 
manufacturing of prosthesis. 
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External Transverse Diameter of Trachea(Width) 
 The external transverse diameter (width) of the trachea in the present study 
is compared with the other studies and is shown in the table below (Table - 13). 
TABLE – 13 
S. 
NO 
NAME OF AUTHOR 
(YEAR) 
EXTERNAL TRANSVERSE DIAMETER 
(CM)/WIDTH OF THE TRACHEA 
1 Katz I, et al (1957)   1.3-2.5 
2 Jesseph JE, et al (1962)  1.5-2.7(Male)  1.3-2.5(Female) 
3 Engel (1962)  1.4 
4 Fraser AG, Pare (1977)  1.1 -2.6(Male)  0.9 -2.4(Female) 
5 Greene A.(1978)  1.5-2.6 
6 Eamann Breatnach, et al (1983) 
 1.3-2.5(Male) 
 1.0-2.1(Female) 
7 R Chunder et al (2010)  2.0 to 2.1(Male)  1.5 to 1.8(Female) 
7 Mrudula C (2011)  1.2-2.5 
8 Mani S.Kavuru (2012)  2.5 
9 Present study (2016) 1.5-2.4 & Mean/SD=1.9 ± 0.2 (Male) 1.4-2.0 & Mean/SD=1.6 ± 0.2 (Female) 
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CHART 3 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF TRRANSSVEERSE DIAMETER OF THE TRACHEA. 
 
 It has been observed from the table above, the external transverse diameter 
or the width of the trachea of various studies ranges from 1.0 to 2.6 cm and in the 
present study it is 1.5-2.4 with a mean of 1.9 cm in male and 1.4-2.0 and a mean 
of 1.6 cm among female which was highly significant statistically (p value 
<0.001) and is almost similar with other studies. This diameter decreases in live 
individuals due to the contraction of the trachealis muscle at its posterior aspect. 
This aspect should be borne in mind during interventional procedures like 
bronchoscopy, endotracheal intubation etc. 
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Anteroposterior Diameter of trachea(Depth) 
 The Anteroposterior diameter (depth) of the trachea in the present study is 
compared with the other studies and is shown in the table below (Table - 14). 
TABLE – 14 
S. 
No 
NAME OF AUTHOR 
(YEAR) 
ANTEROPOSTERIOR 
DIAMETER(cm)/DEPTH 
1 Katz I, et al (1957) 0.7-2.6 
2 
Jesseph JE, et al 
(1962) 
1.8-3.2(Male) 
1.1-3.0 (Female) 
3 Engel (1962) 1.7 
4 
Eamann Breatnach, et 
al (1983) 
1.3-2.7(Male) 
1.0-2.3(Female) 
5 R Chunder et al (2010) 
1.6 to 1.9(Male) 
1.2 to 1.6(Female) 
6 Present study(2016) 
1.2-2.0 & Mean/SD=1.6±0.2(Male) 
1.3-1.6 & Mean/SD=1.4±0.1(Female) 
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CHART 4 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF ANTEROPOSTERIOR DIAMETER OF THE TRACHEA. 
 
 Only few studies had looked into the morphometry of Anteroposterior 
diameter of the trachea. It has been observed from the table above, the Antero 
posterior diameter (depth) of the trachea of various studies ranges from 0.7 to 3.2 
cm and in the present study it is 1.2-2.0 with a mean of 1.6 cm in male and 1.3-1.6 
and a mean of 1.4 cm among female which is comparable to the study done by 
R.Chunder et al49, and is slightly lower than the values of studies done abroad. 
This has to kept in mind especially while choosing artificial airway stents and 
endotracheal tubes. 
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Width/Depth Ratio of Trachea 
A comparison table between the various studies showing the width/depth ratio of 
the trachea is shown in the table below (Table - 15). 
TABLE – 15 
S.No NAME OF AUTHOR (YEAR) 
WIDTH/DEPTH RATIO OF TRACHEA 
 
1 R Chunder et al (2010) 
1.19-1.32 (Male)  
1.17-1.64 (Female) 
2 Present study(2016) 
1.0-1.4& Mean/SD=1.2±0.1(Male) 
0.9-1.4& Mean/SD=1.1±0.1(Female) 
 
CHART 5 :  SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF WIDTH/DEPTH RATIO OF THE TRACHEA. 
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 The normal Width/Depth ratio of the major airways is below 1.5 and this 
increases in patients with chronic obstructive pulmonary disease (COPD) and 
saber-sheath trachea. Diffuse narrowing of the trachea or main bronchi secondary 
to various causes results in decreasing values. In the present study, the 
width/depth ratio of the trachea is calculated and it has been observed that the 
mean value is 1.2 and 1.1 in male and female specimens respectively which was 
significant statistically (p value <0.05) and is within the normal range and is 
comparable with the R Chunder et al49. 
Left Main stem Bronchus(LMB) - Length(Cm) 
The length of the left main bronchus in the present study is compared with the 
other studies and is shown in the table below (Table - 16). 
TABLE – 16 
S.No NAME OF AUTHOR (YEAR) 
LEFT MAIN BRONCHUS - 
LENGTH(cm) 
1. Richard S Snell (2003) 4.5 
2. Standring et al, (2005) 5.5 
3. R Chunder et al (2010) 
5.11-5.38 (Male) 
3.98-4.38 (Female) 
4. Mrudula C (2011) 2.9-4.2 
5. Mani S.Kavuru (2012) 5 
6. Present study 
3.6-5.5.& Mean/SD=5.0±0.5 
3.5-4.0.& Mean/SD=4.0±0.2 
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CHART 6 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF LEFT MAIN BRONCHUS LENGTH. 
 
 From the above table the mean length of left main stem bronchus in 
various studies is almost similar except in Mrudula C45 (2011) the value is slightly 
on the lower limit. The length of left principal bronchus was 3.6-5.5 with a mean 
of 5.0 and 3.5-4.0 with a mean of 4.0 cm in male and female specimens 
respectively and was highly significant statistically (p value <0.001).This 
morphometric parameter is absolutely essential for clinicians for choosing 
appropriate double lumen endotracheal tube and airway stents  
  
0
1
2
3
4
5
6
Richard S
Snell (2003)
Standring et
al, (2005)
R Chunder et
al (2010)
Mrudula C
(2011)
Mani
S.Kavuru
(2012)
Present
study(2016)
LMB Length(cm)
LMB Length(cms)
65 
 
 
Left Main stem Bronchus(LMB) – Width 
 The external transverse diameter (width) of the left principal bronchus in 
the present study is compared with the other studies and is shown in the table 
below (Table - 17). 
TABLE – 17 
S.No NAME OF AUTHOR (YEAR) 
LEFT MAIN BRONCHUS -WIDTH(cm) 
 
1 Standring et al, (2008) 
1.1-1.9 (Male) 
0.9-1.5 (Female) 
2 R Chunder et al (2010) 
1.5 (Male) 
1.5 (Female) 
3 Mrudula C (2011) 1.5 
4 Present study 
1.2-2.0.& Mean/SD=1.6±0.3 
1.0-1.6.& Mean/SD=1.3±0.2 
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CHART 7 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF LEFT MAIN BRONCHUS - WIDTH 
 
 It has been observed from the table above, the external transverse diameter 
or the width of the left main stem bronchus of various studies ranges from 1.5 to 
1.9 cm and in the present study it is 1.2-2.0 with a mean of 1.6 cm in male and 
1.0-1.6 and a mean of 1.3 cm among female which was significant statistically (p 
value <0.05) and is almost similar with other studies. 
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Left Main stem Bronchus(LMB) – Depth 
The comparison table between other studies of left main stem bronchus is 
tabulated below(Table - 18). 
TABLE – 18 
S.No NAME OF AUTHOR (YEAR) 
LEFT MAIN BRONCHUS -DEPTH(cm) 
 
1  R Chunder et al (2010) 
1.5-1.7(Male) 
1.0-1.4(Female) 
2  Present study 
1.1-1.8.& Mean/SD=1.4±0.2 
1.0-1.5.& Mean/SD=1.2±0.2 
 
CHART 8 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF LEFT MAIN BRONCHUS - DEPTH. 
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 It has been observed from the table above, the antero posterior diameter or 
the depth of the left main stem bronchus from R Chunder et al49 (2010) ranges 
from 1.5-1.7,1.0-1.4 cm in male and female and in the present study it is 1.1-1.8 
with a mean of 1.4 cm in male and 1.0-1.5 and a mean of 1.2 cm among female 
which was significant statistically (p value <0.05) and is almost close to the above 
study. This aspect should be borne in mind during interventional procedures. 
Left Main stem Bronchus(LMB) - Width/Depth ratio  
A comparison table between the other studies showing the width/depth ratio of the 
left main stem bronchus is shown in the table below (Table - 19). 
TABLE – 19 
S. 
No 
NAME OF AUTHOR 
(YEAR) 
LEFT MAIN BRONCHUS – 
WIDTH/DEPTH RATIO 
1 R Chunder et al (2010) 
1.15-1.36 (Male) 
1.18-1.47 (Female) 
2 Present study 
1.0-1.3.& Mean/SD=1.1±0.1 
1.0-1.2.& Mean/SD=1.1±0.1 
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CHART 9 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF WIDTH/DEPTH RATIO OF LEFT MAIN BRONCHUS 
 
 The Width/Depth ratio of the larger airways is below 1.5 normally and this 
ratio increases in patients with COPD and saber-sheath bronchus. Diffuse 
narrowing of the left main stem bronchus or its counterpart secondary to various 
causes results in decreasing values. In the present study, the width/depth ratio of 
the left main stem bronchus is calculated and it has been observed that the mean 
value is 1.1 for both male and female specimens respectively which was not 
statistically significant (p value <0.431) and the ratio is significantly lower to the 
previous study. The diameters of the main bronchi should be known precisely for 
the selection of proper tubes for different gender. 
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Subcarinal Angle 
The comparison table between various studies of subcarinal angle is tabulated 
below(Table - 20). 
TABLE – 20 
S.No NAME OF AUTHOR (YEAR) SUBCARINAL ANGLE (DEGREES) 
1 Latarjet.M (1956) 40-108 
2 Boyd E (1958) 43.5 to 46 
3 CoppoleV ( 1998) 37-105 
4 R Chunder et al (2010) 
56.4-59.5(Male) 
48.2-54.0(Female) 
5 Mrudula C (2011) 50-130 
6 Mani S.Kavuru (2012) 70-75 
7 Present study 
51-63.& Mean/SD=56.1±4.6 
47-63.& Mean/SD=52.1±4.6 
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CHART 10 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF SUBCARINAL ANGLE 
 
 Regarding the subcarinal angle there is wide variation among the studies 
listed above. The minimum angle of 37 degrees was observed by CoppoleV10 ( 
1998) and a maximum of 130 degrees in Mrudula C45 (2011) which may be 
related to the dynamicity of this structure. Variations as large as 26 degrees can 
occur during respiratory maneuvers and several pathologic conditions can also 
cause widening of this angle. In the present study no wide variations were 
observed and the angle for male ranges from 51-63 degrees with a mean of 56 
degrees and for the female it ranges from 47-63 degrees with a mean of 52 
degrees, and was statistically significant (p value <0.05), and is comparable with 
the R Chunder et a49l. The knowledge regarding the subcarinal angle is of clinical 
importance for bronchoscopic procedures and any growth in the mediastinal 
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structures or any pathology of the lung or pleura or cardiac diseases may alter the 
subcarinal angle considerably  
 
Left Main stem Bronchus(LMB) – ANGLE 
 The left main bronchus angle in the present study is compared with the 
various studies and is shown in the table below (Table - 21). 
TABLE – 21 
S.No NAME OF AUTHOR (YEAR) 
LEFT MAIN BRONCHUS - ANGLE 
(DEGREES) 
1 Boyd E (1958) 43.5 – 46 
2 Miller (1997) 40 
3 Richard S Snell (2003) 50 
4 Mrudula C (2011) 30-60 
5 Present study 
32-48.& Mean/SD=40.0±4.9 
33-49.& Mean/SD=41.0±5.0 
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CHART 11 :  SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF LEFT MAIN BRONCHUS ANGLE 
 
 Regarding the left main bronchi angle there is wide variation among the 
studies listed above. The minimum angle of 30 degrees and a maximum of 60 
degrees was observed by in Mrudula C45 (2011) which may be related to the 
undiagnosed pathological conditions. In the present study the angle for male 
ranges from 32-48 degrees with a mean of 45 degrees and for the female it ranges 
from 33-49 degrees with a mean of 41 degrees, and was not statistically 
significant (p value <0.249). The left main bronchus contributes the major part of 
the subcarinal angle3 and the contribution by right bronchus is small as the later is 
almost in line with the trachea1. This considerably longer, narrower, more 
horizontal course and its peribronchial52 area in the left lung is under pressure 
makes it more prone to obstruction and this likely to affect the drainage of 
secretions leading to left bronchus syndrome39. 
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Tracheal Rings 
 Total number of tracheal rings in the present study is compared with the 
other studies and is shown in the table below (Table - 22). 
TABLE – 22 
S.  
NO 
NAME OF AUTHOR 
(YEAR) TRACHEAL RINGS 
1 Rosen FS (2003) 13 
2 Kamel K S,et al(2010) 14-19 
3 Mrudula C (2011) 14-24 
4 Mani S.Kavuru (2012) 18-24 
5 Present study(2016) 
15-20.& Mean/SD=17±1.6(Male) 
13-18.& Mean/SD=15±1.2(Female) 
 
CHART 12 : SHOWING COMPARISON BETWEEN VARIOUS STUDIES 
OF TRACHEAL RINGS. 
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 As seen from the above table the number of tracheal rings in various 
studies falls in between 13 and 24 and in the present study, it ranges from 15-20, 
13-18 in male and female respectively which was significant statistically (p value 
0.05) and is similar to Rosen FS51 (2003) and Kamel K S,et al29(2010). Mrudula 
C45 (2011) and Mani S.Kavuru40 (2012) reported the maximum number of 24 
rings. This is clinically significant because, rigidity of the trachea is maintained by 
the ‘C’shaped tracheal rings and any structural abnormality (acquired/congenital) 
will result in abnormal collapse of the trachea occurs during respiration42. 
  
Conclusion 
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CONCLUSION 
 The various ways to study these parameters are by gross dissection , chest 
X rays , Computerized Axial Tomography (CAT) scans ,Virtual bronchoscopy. 
The present study was done by gross dissection of 40 specimens  
The mean length of the trachea observed in the present study is 10.4 cm in 
male specimens, and 9.7cm in female specimens with an overall mean of 10.1cm 
which is highly significant statistically (p<0.001). 
The mean external transverse diameter of the trachea is 1.9 cm and 1.6cm 
in male and female respectively with an overall mean of 1.8cm in the present 
study, highly significant statistically (p<0.001),which is equal when compared to 
other studies. 
The average anteroposterior diameter of the trachea is 1.6 cm for male and 
1.4cm for female with an overall mean of 1.5cm and is statistically 
significant(p<0.05). 
With regard to the width/depth ratio of the trachea it is 1.2 and 1.1 for male 
and female respectively with an overall mean of 1.2 and p value <0.05 in the 
present study falls within normal limits. 
The mean length of left main bronchus in the present study is 5.0 cm in 
male and 4.0 cm in female and an average of 4.5cm and is highly significant 
statistically (p<0.001). 
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The average external transverse diameter of the left principal bronchus in 
the present study was found to be 1.6 & 1.3 cm in male and female with an 
average of 1.5cm (p<0.05) and is almost similar with other studies. 
The average anteroposterior diameter of the left main bronchus was 
observed to be 1.4cm in male and 1.2cm in female and the overall mean of 1.3 cm 
with p value < 0.05 in the present study. 
The ratio to the external transverse diameter to the anteroposterior diameter 
of the left main bronchus (width/depth ratio) in the present study was 1 and is not 
significant statistically. 
The carina is a dynamic structure46 and respiration may affect tracheal 
carinal angle in live individuals which is not so in the present study. The 
subcarinal angle formed by the intersection of the right and left main stem 
bronchi, a commonly quoted average for this angle is 70o, was found to be 56º and 
52º in male and female and the overall average is 54º which is lower than the 
average. 
The angle made by the left principal bronchus with the trachea in the 
present study was found to be 46 degrees. 
The average number of tracheal rings is 17 in male and 15 in female and 
the overall mean observed in this study was 16 which is statistically significant 
(p<0.05) and correlates with other studies. 
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In the present study no variations58 in branching pattern of the trachea or 
the left main stem bronchi was observed. 
Standard measurements of various parameters of tracheobronchial tree are 
essential for various people like Thoracic surgeons who deal with resection and 
reconstruction of the tracheobronchial tree, Pulmonologists to understand the 
etiology of several airway diseases and bronchoscopic procedures (diagnostic, 
therapeutic and combined),Radiologists for interpretation of images, Oto-rhino 
laryngologists who perform elective or emergency tracheostomy and also the 
Anesthetists who do maneuvers like endotracheal intubation43 (single or double 
lumen) with skill and perfection.  
The contribution by the right main bronchus to the subcarinal angle is 
small, as it is more or less in the same line with the trachea and lodgment of 
foreign body is more common in right bronchus. The subcarinal angle indirectly 
helps the Cardiologist to know the changes in left atrium55. The more longer, 
horizontal course, narrow lumen and proneness to extra luminal compression by 
mediastinal structures makes the left main bronchus more vulnerable for several 
pulmonary diseases39,52. 
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T No SEX TR Length TR Width TR Depth WD Ratio LMB Length LMB Width LMB Depth WD Ratio SC Angle LMB Angle TR Rings
227 M 10.8 2 1.8 1.1 5.4 1.8 1.6 1.1 55 38 19
248 M 11.1 2.2 2 1.1 4.8 2 1.8 1.1 55 41 20
249 M 10.2 1.9 1.4 1.6 5 1.2 1.1 1.1 58 44 17
250 M 10.5 2 1.5 1.3 5 1.5 1.4 1.1 60 37 15
252 M 11 2.4 1.9 1.2 5.5 1.8 1.4 1.2 60 32 18
253 M 10.4 1.8 1.4 1.3 5.2 1.3 1.3 1 58 47 15
256 M 10.4 1.8 1.4 1.3 5.3 1.3 1.3 1 58 43 15
257 M 9.8 1.6 1.2 1.3 3.8 1.2 1.2 1 55 46 16
259 M 10.8 2.1 1.8 1.2 5.2 2 1.6 1.2 55 39 15
261 M 10.2 1.8 1.5 1.2 5.2 1.5 1.5 1 57 45 15
262 M 10.1 1.8 1.4 1.3 5.1 1.2 1.2 1 50 48 17
252 M 10.9 2.2 1.8 1.2 5.4 2 1.7 1.2 57 48 19
266 M 9.8 1.6 1.3 1.2 3.9 1.7 1.4 1.2 54 41 15
268 M 10.2 1.9 1.4 1.3 5 1.9 1.4 1.3 63 38 17
273 M 10.3 1.9 1.4 1.3 5 1.4 1.3 1.1 58 35 17
274 M 10 1.7 1.2 1.4 5.1 1.8 1.4 1.3 52 39 16
279 M 9.8 1.5 1.4 1 3.6 1.2 1.4 1 49 40 15
280 M 11.2 2 2 1 4.8 2.1 1.8 1.2 51 45 19
281 M 10.5 2 1.6 1.2 5.2 1.4 1.4 1 52 48 15
282 M 10.8 2.2 1.8 1.2 5.5 2 1.6 1.2 61 48 17
285 M 10.4 2 1.6 1.2 5.3 1.5 1.5 1 60 36 16
NO 21
MIN 9.8 1.5 1.2 1 3.6 1.2 1.1 1 51 32 15
MAX 11.2 2.4 2 1.4 5.5 2 1.8 1.3 63 48 20
AVG 10.5 1.95 1.6 1.2 4.55 1.6 1.45 1.15 57 40 17.5
STDEV 0.43 0.23 0.25 0.13 0.54 0.32 0.19 0.1 3.8 4.86 1.63
MASTER CHART - SHOWING PARAMETERS OF THE MALE SPECIMENS
T No SEX TR Length TR Width TR Depth WD Ratio LMB Length LMB Width LMB Depth WD Ratio SC Angle LMB Angle TR Rings
224 F 9.6 1.5 1.3 1.2 4.2 1.4 1.3 1.1 54 45 14
228 F 9.2 1.5 1.4 1.1 3.8 1 1.1 1 55 41 14
230 F 9.7 1.6 1.3 1.2 3.8 1.3 1.2 1 47 38 16
234 F 10 2 1.4 1.4 4.2 1.5 1.5 1 48 45 14
240 F 9.6 1.6 1.3 1.2 4 1.2 1.2 1 54 42 14
243 F 9.4 1.4 1.3 1.1 3.5 1.2 1 1.2 49 40 14
244 F 10 1.5 1.5 1.0 4.1 1.5 1.3 1.2 50 38 15
251 F 9.4 1.4 1.3 1.1 3.8 1.2 1 1.2 58 41 15
263 F 9.4 1.4 1.3 1.1 3.8 1.2 1.2 1 48 36 18
264 F 9.6 1.6 1.4 1.1 4.2 1.3 1.1 1.2 55 39 15
265 F 10 1.9 1.5 1.3 4.1 1.5 1.3 1.2 63 49 16
269 F 9.8 1.6 1.4 1.1 4.2 1.4 1.2 1.2 47 48 16
272 F 10.4 1.4 1.6 0.9 4.4 1.6 1.5 1.1 54 35 15
275 F 10.1 1.6 1.5 1.1 4.2 1.5 1.5 1 52 33 13
276 F 9.2 1.5 1.4 1.1 3.8 1 1.1 1 55 41 14
277 F 9.6 1.6 1.3 1.2 3.8 1.3 1.2 1 47 33 16
284 F 10 2 1.4 1.4 4.2 1.5 1.5 1 48 45 14
286 F 9.4 1.4 1.3 1.1 3.8 1.2 1.1 1.2 58 49 15
287 F 9.4 1.4 1.3 1.1 3.8 1.2 1.2 1 48 36 17
NO 19
MIN 9.2 1.4 1.3 0.9 3.5 1 1 1 47 33 13
MAX 10.4 2 1.6 1.4 4.4 1.6 1.5 1.2 63 49 18
AVG 9.7 1.6 1.4 1.1 4 1.3 1.2 1.1 52 41 15
STDEV 0.33 0.19 0.09 0.14 0.23 0.17 0.16 0.09 4.61 5.06 1.25
MASTER CHART - SHOWING PARAMETERS OF THE FEMALE SPECIMENS
  
Mean, Standard Deviation (SD), and P Value 
 
Dimensions Male Female Average P-value 
TRL 10.4 ± 0.4 9.7 ± 0.3 10.1 ± 0.5 <0.001 
TRW 1.9 ± 0.2 1.6 ± 0.2 1.8 ± 0.3 <0.001 
TRD 1.6 ± 0.2 1.4 ± 0.1 1.5 ± 0.2 <0.05 
WDR 1.2 ± 0.1 1.1 ± 0.1 1.2 ± 0.1 <0.05 
LMBL 5 ± 0.5 4 ± 0.2 4.5 ± 0.6 <0.001 
LMBW 1.6 ± 0.3 1.3 ± 0.2 1.5 ± 0.3 <0.05 
LMBD 1.4 ± 0.2 1.2 ± 0.2 1.3 ± 0.2 <0.05 
WDR1 1.1 ± 0.1 1.1 ± 0.1 1.1 ± 0.1 0.431 
SCA 56.1 ± 3.8 52.1 ± 4.6 54.2 ± 4.6 <0.05 
LMBA 40.0 ± 4.9 41.0 ± 5.0 40.5 ± 5.0 0.249 
TRR 16.6 ± 1.6 15 ± 1.2 15.8 ± 1.6 <0.05 
 
 
 
